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Mapping the Targeted Membrane Pore Formation Mechanism 
by Solution NMR: The Nisin Z and Lipid II Interaction 
in SDS Micelles 

Hsu, Shang-Te; Breukink, Eefjan; de Kruijff, Ben; 
Kaptein, Robert; Bonvin, Alexandre M. J. J.; Van 
Nuland, Nico A. J. 

Department of NMR Spectroscopy Bijvoet Center for 
Biomolecular Research and Department of Biochemistry 
of Membranes Center for Biomembranes and Lipid 
Enzymology Institute for Biomembranes, Utrecht 
University, Utrecht, 3584CH, Neth. 
Biochemistry (2002), 41(24), 7670-7676 
CODEN: BICHAW; ISSN: 0006-2960 
American Chemical Society 
Journal 
English 

Nisin is an example of type-A lantibiotics that contain cyclic lanthionine 
rings and unusual dehydrated amino acids. Among the numerous pore-forming 
antimicrobial peptides, type-A lantibiotics form an unique family of 
post-translationally modified peptides. Via the recognition of cell wall 
precursor lipid II, nisin has the capacity to form pores against Gram-pos . 
bacteria with an extremely high activity in the nanomolar (nM) range. 
Here we report a high-resoln. NMR spectroscopy study of nisin/lipid II 
interactions in SDS micelles as a model membrane system in order to 
elucidate the mechanism of mol. recognition at residue level. The binding 
to lipid II was studied through 15N-1H HSQC titrn., backbone amide proton 
temp, coeff. anal., and heteronuclear 15N{1H}-N0E relaxation dynamics 
expts. Upon the addn. of lipid II, significant changes were monitored in 
the N-terminal part of nisin. An extremely low amide proton temp, coeff. 
( .DELTA. .delta. /.DELTA. T) was found for the amide proton of Ala3 (> -0.1 
ppb/K) in the complex form. This suggests tight hydrogen bonding and/or 
isolation from the bulk solvent for this residue. Large chem. shift 
perturbations were also obsd. in the first two rings. In contrast, the 
C-terminal part of nisin was almost unaffected. This part of the mol. 
remains flexible and solvent-exposed. On the basis of our results, a 
multistep pore-forming mechanism is proposed. The N-terminal part of 
nisin first binds to lipid II, and a subsequent structural rearrangement 
takes place. The C-terminal part of nisin is possibly responsible for the 
activation of the pore formation. In light of the emerging antibiotic 
resistance problems, an understanding of the specific recognition 
mechanism of nisin with lipid II at the residue specific level may 
therefore aid in the development of novel antibiotics. 
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Anchoring of surface proteins to the cell wall of 
Staphylococcus aureus: III. Lipid II is an in vivo 
peptidoglycan substrate for sortase-catalyzed surface 
protein anchoring 

Perry, Adrienne M. ; Ton-That, Hung; Mazmanian, Sarkis 
K.; Schneewind, Olaf 

Committee on Microbiology, University of Chicago, 
Chicago, IL, 60637, USA 

Journal of Biological Chemistry (2002), 277(18), 
16241-16248 

CODEN: JBCHA3; ISSN: 0021-9258 

American Society for Biochemistry and Molecular 
Biology 



DOCUMENT TYPE: Journal 
LANGUAGE : English 

AB Surface proteins of Staphylococcus aureus are anchored to the cell wall 

peptidoglycan by a mechanism requiring a C-terminal sorting signal with an 
LPXTG motif. Surface proteins are first synthesized in the bacterial 
cytoplasm and then transported across the cytoplasmic membrane. Cleavage 
of the N-terminal signal peptide of the cytoplasmic surface protein PI 
precursor generates the extracellular P2 species, which is the substrate 
for the cell wall anchoring reaction. Sortase, a membrane-anchored 
transpeptidase, cleaves P2 between the threonine (T) and the glycine (G) 
of the LPXTG motif and catalyzes the formation of an amide bond between 
the carboxyl group of threonine and the amino group of cell wall 
cross-bridges. We have used metabolic labeling of staphylococcal cultures 
with [32P] phosphoric acid to reveal a P3 intermediate. The 32P-label of 
immunopptd. surface protein is removed by treatment with lysostaphin, a 
glycyl-glycine endopeptidase that separates the cell wall anchor 
structure. Furthermore, the appearance of P3 is prevented in the absence 
of sortase or by the inhibition of cell wall synthesis. 32P-Labeled cell 
wall anchor species bind to nisin, an antibiotic that is known to form a 
complex with lipid II. Thus, it appears that the P3 intermediate 
represents surface protein linked to the lipid II peptidoglycan precursor. 
The data support a model whereby lipid II-linked polypeptides are 
incorporated into the growing peptidoglycan via the transpeptidation and 
transglycosylation reactions of cell wall synthesis, generating mature 
cell wall-linked surface protein. 
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TITLE: Intrinsic Lipid Preferences and Kinetic Mechanism of 

Escherichia coli MurG 
AUTHOR(S) : Chen, Lan; Men, Hongbin; Ha, Sha; Ye, Xiang-Yang; 

Brunner, Livia; Hu, Yanan; Walker, Suzanne 
CORPORATE SOURCE: Department of Chemistry, Princeton University, 
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SOURCE: Biochemistry (2002), 41(21), 6824-6833 

CODEN: BICHAW; ISSN: 0006-2960 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB MurG, the last enzyme involved in the intracellular phase of peptidoglycan 
synthesis, is a membrane-assocd . glycosyltransf erase that couples N-acetyl 
glucosamine to the C4 hydroxyl of a lipid-linked N-acetyl muramic acid 
deriv. (lipid I) to form the . beta . -linked disaccharide (lipid II) that is 
the minimal subunit of peptidoglycan. Lipid I is anchored to the 
bacterial membrane by a 55 carbon undecaprenyl chain. Because this long 
lipid chain impedes kinetic anal, of MurG, we have been investigating 
alternative substrates contg. shortened lipid chains. We now describe the 
intrinsic lipid preferences of MurG and show that the optimal substrate 
for MurG in the absence of membranes is not the natural substrate. Thus, 
while the undecaprenyl carrier lipid may be crit. for certain steps in the 
biosynthetic pathway to peptidoglycan, it is not required-in fact, is not 
preferred-by MurG. Using synthetic substrate analogs and products contg. 
different length lipid chains, as well as a synthetic dead-end acceptor 
analog, we have also shown that MurG follows a compulsory ordered Bi Bi 
mechanism in which the donor sugar binds first. This information should 
facilitate obtaining crystals of MurG with substrates bound, an important 
goal because MurG belongs to a major superfamily of NDP- 

glycosyltransf erases for which no structures contg. intact substrates have 
yet been solved. 
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Further evidence that a cell wall precursor 
[C55-MurNAc- (peptide) -GlcNAc] serves as an acceptor in 
a sorting reaction 

Ruzin, Alexey; Severin, Anatoly; Ritacco, Frank; 
Tabei, Keiko; Singh, Guy; Bradford, Patricia A. ; 
Siegel, Marshall M.; Projan, Steven J.; Shlaes, David 
M. 

Wyeth-Ayerst Research, Pearl River, NY, 
Journal of Bacteriology (2002), 184(8), 
CODEN: JOBAAY; ISSN: 0021-9193 
American Society for Microbiology 
Journal 
English 

Previous studies suggested that a Gly-contg. branch of cell wall precursor 
[C55-MurNAc- (peptide) -GlcNAc] , which is often referred to as lipid II, 
might serve as a nucleophilic acceptor in sortase-catalyzed anchoring of 
surface proteins in Staphylococcus aureus. To test this hypothesis, we 
first simplified the procedure for in vitro biosynthesis of Gly-contg. 
lipid II by using branched UDP-MurNAc-hexapeptide isolated from the 
cytoplasm of Streptomyces spp. Second, we designed a thin-layer 
chromatog. -based assay in which the mobility of branched but not linear 
lipid II is shifted in the presence of both sortase and LPSTG-contg. 
peptide. These results and those of addnl . expts. presented in this study 
further suggest that lipid II indeed serves as a natural substrate in a 
sorting reaction. 
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Identification of compounds that inhibit late steps of 
peptidoglycan synthesis in bacteria 

DeCenzo, Maureen; Kuranda, Mike; Cohen, Seth; Babiak, 
John; Jiang, Zhi-Dong; Sun, Dongyu; Hickey, Mark; 
Sancheti, Praveen; Bradford, Patricia A.; Youngman, 
Phil; Projan, Steve; Rothstein, David M. 
Millennium Pharmaceuticals, Inc., Cambridge, MA, USA 
Journal of Antibiotics (2002), 55(3), 288-295 
CODEN: JANTAJ; ISSN: 0021-8820 
Japan Antibiotics Research Association 
, Journal 
English 

A screening system is described that can detect and confirm inhibitors of 
the late steps of cell wall biosynthesis. The primary high through-put 
screen monitors induction of . beta . -lactamase following exposure to 
samples, in an Escherichia coli envA- strain that carries the 
. beta . -lactamase gene from Citrobacter freundii on a plasmid. Pos . 
samples were detected from compd. libraries, from natural products 
libraries, and from fractions of natural products crude prepns . These 
samples were then subjected to in vitro assays that could detect the 
incorporation of sol. cell wall precursor into Lipid I, Lipid II, and 
polymd. cell wall, using a TLC system that was very accurate and 
unambiguous in detecting known cell wall inhibitors. One partially 
purified sample contg. a novel antibacterial agent derived from natural 
products was found to inhibit the formation of Lipid I (50% inhibition at 
.ltoreq.62.5 ng/mL) , whereas another partially purified sample also 
derived from natural products inhibited transglycosylation into cell wall 
polymer (50% inhibition at .ltoreq.10 .mu.g/mL). This screening system 
proved to be esp. useful because it was sufficiently sensitive and robust 



to detect inhibitors among samples of crude prepns. or varying states of 
purity. 
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The First Total Synthesis of Lipid II: The Final 
Monomeric Intermediate in Bacterial Cell Wall 
Biosynthesis 

VanNieuwen hze, Michae l S.; jyiauldin, Scott C; 
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Department of Pharmaceutical and Analytical Chemistry, 
Lilly Research Laboratories, A Division of Eli Lilly 
and Company, Indianapolis, IN, 4 6285, USA 
Journal of the American Chemical Society (2002) , 
124(14), 3656-3660 
CODEN: JACSAT; ISSN: 0002-7863 
American Chemical Society 
Journal 
English 

AB Bacterial peptidoglycan is composed of a network of . beta .-[ 1, 4 ] -linked 

glycan strands that are cross-linked through pendant peptide chains. The 
final product, the murein sacculus, is a single, covalently closed 
macromol . that precisely defines the size and shape of the bacterial cell. 
The recent increase in bacterial resistance to cell wall active agents has 
led to a resurgence of activity directed toward improving our 
understanding of the resistance mechanisms at the mol . level. The 
biosynthetic enzymes and their natural substrates can be invaluable tools 
in this endeavor. While modern exptl. techniques have led to isolation 
and purifn. of the biosynthetic enzymes utilized in peptidoglycan 
biosynthesis, securing useful quantities of their requisite substrates 
from natural substrates has remained problematic. In an effort to address 
this issue, we report the first total synthesis of lipid II, the final 
monomeric intermediate utilized by Gram pos. bacteria for peptidoglycan 
biosynthesis . 
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Lipid II: Total synthesis of the bacterial cell wall 
precursor and utilization as a substrate for 
glycosyltransf er and transpeptidation by penicillin 
binding protein (PBP) lb of Escherichia coli 
Schwartz, Benjamin; Markwalder, Jay A.; Wang, Yi 
Department of Chemical and Physical Sciences, DuPont 
Pharmaceuticals Company, Wilmington, DE, 19880, USA 
Journal of the American Chemical Society (2001), 
123(47), 11638-11643 
CODEN: JACSAT; ISSN: 0002-7863 
American Chemical Society t 
Journal 
English 

An essential feature in the life cycle of both Gram-pos . and Gram-neg. 
bacteria is the prodn. of new cell wall. Also known as murein, the cell 
wall is a two-dimensional polymer, consisting of a linear, repeating 
N-acetylmuramic acid (MurNAc) and N-acetylglucosamine (GlcNAc) motif, 
cross-linked via peptides appended to MurNAc. The final steps in the 
maturation of murein are catalyzed by a single, bifunctional enzyme, known 



SOURCE: 



PUBLISHER: 
DOCUMENT TYPE 
LANGUAGE : 
AB 



as a high MW, class A penicillin binding protein (PBP) . PBPs catalyze 
polymn. of the sugar units (glycosyltransf er ) , as well as peptide 
crosslinking ( transpeptidation) utilizing lipid II as substrate. Detailed 
enzymol. on this enzyme has been limited, due to difficulties in obtaining 
sufficient amts. of lipid II, as well as the availability of a convenient 
and informative assay. The authors report the total chem. synthesis of 
lipid II, as well as the development of an appropriate assay system and 
the observation of both catalytic transformations. 
REFERENCE COUNT: 19 THERE ARE 19 CITED REFERENCES AVAILABLE FOR THIS 
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Process for preparing dansylated glycopeptide lipid II 
derivatives as substrate for the transglycosylase 
enzymes 

Alborn, William F.rnfi.sf, Jr. ; R1 a.s 7.r.za k . Larry Chri s ; 
Mrm 1rHn j ^r_1 ; ^afr 11 ^ — £aul Luther ; 
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Eli Lilly and Company, USA 
PCT Int. Appl., 103 pp. 
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AB A process is described for prepg. a substrate for the transglycosylase 
enzymes of bacterial cell wall biosynthesis. The chem. synthesis makes 
available a sustainable and substantially pure source of supply of lipid 
II I wherein A is H, carboxyl group; W is H, alkali metal, alk. earth 
metal, ammonium, alkyl ammonium, dialkyl ammonium, including analogs 
thereof, that maybe used in the identification of new therapeutic agents 
capable of disrupting steps in bacterial cell wall bio-synthesis (no 
data) . Thus, I (A = W = H) was prepd. via coupling of amino acids with 
glycosides as substrate for the transglycosylase enzyme (no data) . 
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TITLE: Better Substrates for Bacterial Transglycosylases 

AUTHOR (S) : Ye, Xiang-Yang; Lo, Mei-Chu; Brunner, Livia; Walker, 

Deborah; Kahne, Daniel; Walker, Suzanne 
CORPORATE SOURCE: Department of Chemistry, Princeton University, 
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AB The enzymes that synthesize the peptidoglycan layers surrounding bacterial 
cell membranes have received special attention because many known 
antibiotics function by blocking peptidoglycan synthesis. Among these 
enzymes, the bacterial transglycosylases (TGases) represent some of the 
most promising targets. TGases are located on the external surface of the 
bacterial membrane where they polymerize Lipid II, a disaccharide anchored 
to the membrane by a 55 carbon undecaprenyl chain. Although the TGases 
were first identified decades ago, their structures and mechanisms are not 
well understood. Some of the difficulties in studying TGases are related 
to problems obtaining and handling Lipid II. Because the 55 carbon chain 



aggregates, assays utilizing Lipid II, which can be isolated only in small 
quantities from bacterial membranes, must include org. solvents, 
detergents, and other additives. Results can be variable, and it is 
difficult to det . whether problems are due to the enzymes or to the 
substrate. Better substrates would facilitate the study of TGases. To 
identify better TGase substrates, the authors have synthesized natural 
Lipid II as well as a set of analogs contg. different lipid chains. These 
compds . have been tested for their ability to function as TGase 
substrates. The results show that bacterial TGases have clear preferences 
with regard to the structure of the lipid chain, but they do not require 
the 55 carbon undecaprenyl moiety. In fact, the authors have identified a 
compd. with a shorter lipid chain that is a much better TGase substrate 
than natural Lipid II. 
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substrate analogs and methods for discovering new 

antibiotics 
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AB The invention provides a direct method for monitoring bacterial 



transglycosylase activity using labeled substrates produced by 
chemo-enzymic synthesis wherein the labels are selected to permit the 
detection of both polymeric and non-polymeric products simultaneously, 
either directly or following the sepn. of product from starting material. 
The substrates are I (R = C . gtoreq . 2-acyl ; Rl = C. gtoreq. 1-alkyl; R2 = 
C.gtoreq. 5-alkyl/alkenyl; R3 =glucosaminyl group; A = amino acid or 
peptide, provided that I is not the natural substrate of the peptidoglycan 
transglycosylase, lipid II) . The invention promotes the discovery of new 
antibiotics with activity against bacterial transglycosylases by (a) 
laying the groundwork for structural anal, of purified, active 
transglycosylase (which permits structure-based design) ; and (b) providing 
an assay that can be used to screen for inhibitors. A method of carrying 
out the invention comprises chemo-enzymic synthesis of a lipid I analog 
which contains a 10-carbon lipid chain in place of the naturally occurring 
55-carbon chain. This lipid I analog is converted to a lipid II analog by 
attachment of GlcNAc. Thus, one lipid II analog may contain radiolabeled 
GlcNAc while another may be labeled with biotin. In the presence of a 
transglycosylase, a radiolabeled, biotin-tagged product is formed which 
may be isolated and quantitated using avidin affinity chromatog. 
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A new mechanism of action proposed for ramoplanin 
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Evidence is presented to show that ramoplanin, a cyclic 
glycolilipodepsipeptide antibiotic, inhibits the polymn. of lipid II in 
addn. to lipid I as previously shown. The authors propose that another 
mechanism by which ramoplanin can kill bacterial cells is through 
inhibition of the transglycosylation step of peptidoglycan synthesis. 
Using a synthetic analog of Lipid II, evidence is presented that enzyme 
inhibition by ramoplanin involves substrate binding. Ramoplanin undergoes 
a conformational change upon substrate binding, and the resulting 
complexes self-assoc. to form fibrils. The significance of fibril 
formation is discussed. 
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AB General methods for monitoring the activity of MurG, a 

UDP-N-acetylglucosamine imuramyl pentapeptide pyrophosphoryl 
N-acetylglucosaminyltransf erase involved in bacterial cell wall 
biosynthesis, is disclosed. More particularly, the synthesis of 
simplified substrate analogs of Lipid I (the natural substrate for MurG) , 
which function as acceptors for UDP-GlcNAc in an enzymic reaction 
catalyzed by MurG, is described. Assays using the substrate analogs of 
the invention are further disclosed, which are useful for identifying a 
variety of other substrates, including inhibitors of MurG activity, for 
facilitating mechanistic and/or structural studies of the enzyme, and for 
other uses. High throughput assays are also described. 
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The lantibiotic mersacidin exerts its bactericidal action by inhibition of 
peptidoglycan biosynthesis. It interferes with the membrane-assocd. 
transglycosylation reaction; during this step the ultimate monomeric 
peptidoglycan precursor, undecaprenyl-pyrophosphoryl-MurNAc- (pentapeptide) - 
GlcNAc (lipid II) is converted into polymeric nascent peptidoglycan. In 
the present study we demonstrate that the mol . basis of this inhibition is 
the interaction of mersacidin with lipid II. The adsorption of 
[14C]mersacidin to growing cells, as well as to isolated membranes capable 
of in vitro peptidoglycan synthesis, was strictly dependent on the 
availability of lipid II, and antibiotic inhibitors of lipid II formation 
strongly interfered with this binding. Direct evidence for the 
interaction was provided by studies with isolated lipid II. 
[ 14C] mersacidin assocd. tightly with [14C] lipid II micelles; the complex 
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was stable even in the presence of 1% sodium dodecyl sulfate. 
Furthermore, the addn. of isolated lipid II to the culture broth 
efficiently antagonized the bactericidal activity of mersacidin. In 
contrast to the glycopeptide antibiotics, complex formation does not 
involve the C-terminal D-alanyl-D-alanine moiety of the lipid 
intermediate. Thus, the interaction of mersacidin with lipid II 
apparently occurs via a binding site which is not targeted by any 
antibiotic currently in use. 
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UDP-N-acetylglucosamine :muramyl pentapeptide pyrophosphoryl 
N-acetylglucosaminyltransf erase involved in bacterial cell wall 
biosynthesis, is disclosed. More particularly, the synthesis of 
simplified substrate analogs of Lipid I (the natural substrate for MurG), 
which function as acceptors for UDP-GlcNAc in an enzymic reaction 
catalyzed by MurG, is described. Assays using the substrate analogs of 
the invention are further disclosed, which are useful for identifying a 
variety of other substrates, including inhibitors of MurG activity, for 
facilitating mechanistic and/or structural studies of the enzyme, and for 
High throughput assays are also described. 
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AB The lantibiotic mersacidin exerts its bactericidal action by inhibition of 
peptidoglycan biosynthesis. It interferes with the membrane-assocd. 
transglycosylation reaction; during this step the ultimate monomeric 
peptidoglycan precursor, undecaprenyl-pyrophosphoryl-MurNAc- (pentapeptide) - 
GlcNAc (lipid II) is converted into polymeric nascent peptidoglycan. In 
the present study we demonstrate that the mol . basis of this inhibition is 
the interaction of mersacidin with lipid II. The adsorption of 
[14C]mersacidin to growing cells, as well as to isolated membranes capable 
of in vitro peptidoglycan synthesis, was strictly dependent on the 
availability of lipid II, and antibiotic inhibitors of lipid II formation 
strongly interfered with this binding. Direct evidence for the 
interaction was provided by studies with isolated lipid II. 
[14C]mersacidin assocd. tightly with [14C] lipid II micelles; the complex 
was stable even in the presence of 1% sodium dodecyl sulfate. 
Furthermore, the addn. of isolated lipid II to the culture broth 
efficiently antagonized the bactericidal activity of mersacidin. In 
contrast to the glycopeptide antibiotics, complex formation does not 
involve the C-terminal D-alanyl-D-alanine moiety of the lipid 
intermediate. Thus, the interaction of mersacidin with lipid II 
apparently occurs via a binding site which is not targeted by any 
antibiotic currently in use. 
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AB Physiol, properties of the murG gene product of E. coli were investigated. 
The inactivation of the murG gene rapidly inhibits peptidoglycan synthesis 
in exponentially growing cells. As a result, various alterations of cell 
shape are obsd., and cell lysis finally occurs when the peptidoglycan 
content is 40% lower than that of normally growing cells. Anal, of the 
pools of peptidoglycan precursors reveals the concomitant accumulation of 
UDP-N-acetylglucosamine (UDP-GlcNAc) and UDP-N-acetylmuramyl-pentapeptide 

(UDP-MurNAc-pentapeptide) and, to a lesser extent, that of 
undecaprenyl-pyrophosphoryl-MurNAc-pentapeptide (lipid intermediate I) , 
indicating that inhibition of peptidoglycan synthesis occurs after 
formation of the cytoplasmic precursors. The relative depletion of the 
2nd lipid intermediate, undecaprenyl-pyrophosphoryl-MurNAc- 

(pentapeptide) GlcNAc, shows that inactivation of the murG gene product 
does not prevent the formation of lipid intermediate I but inhibits the 
next reaction in which GlcNAc is transferred to lipid intermediate I. In 
vitro assays for phospho-MurNAc-pentapeptide translocase and 
N-acetylglucosaminyl transferase activities finally confirm the 
identification of the murG gene product as the transferase that catalyzes 
the conversion of lipid intermediate I to lipid intermediate II in the 
peptidoglycan synthesis pathway. Plasmids allowing for a high overprodn. 
of the transferase and the detn. of its N-terminal amino acid sequence 
were constructed. In cell fractionation expts., the transferase is 
essentially assocd. with membranes when it is recovered. 
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The two membrane precursors (pentapeptide lipids I and II) of 
peptidoglycan are present in E. coli at cell copy nos . no higher than 700 
and 2000 resp. Conditions were detd. for an optimal accumulation of 
pentapeptide lipid II from UDP-MurNAc-pentapeptide in a cell-free system 
and for its isolation and purifn. When UDP-MurNAc-tripeptide was used in 
the accumulation reaction, tripeptide lipid II was formed, and it was 
isolated and purified. Both lipids II were compared as substrates in the 
in vitro polymn. by transglycosylation assayed with PBP lb or PBP 3. With 
PBP lb, tripeptide lipid II was used as efficiently as pentapeptide' lipid 
II. It should be stressed that the in vitro PBP lb activity accounts for 
at best to 2 to 3% of the in vivo synthesis. With PBP 3, no polymn. was 
obsd. with either substrate. Furthermore, tripeptide lipid II was 
detected in D-cycloserine-treated cells, and its possible in vivo use in 
peptidoglycan formation is discussed. In particular, it is speculated 
that the transglycosylase activity of PBP lb could be coupled with the 
transpeptidase activity of PBP 3, using mainly tripeptide lipid II as 
precursor . 
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Determination of murein precursors during the cell 
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and reliable method has been established that allows a quant < 
amino [3H] pimelic acid-labeled murein precursors in 1 mL 
es of E. coli. Prior to sepn. by reversed-phase HPLC the 



lipid-linked intermediates were hydrolyzed to release the neuropeptides . 
The accuracy for the measurement of UDP-N-acetylmuramylpentapeptide 
(UDP-MurNAc-pentapeptide) was .+-.1.9%, for undecaprenyl-P-P-MurNAc- 
pentapeptide (lipid I) .+-.10% and for undecaprenyl-P-P- (GlcNAc- 
.beta. 1. fwdarw. 4 ) MurNAc-pentapeptide (lipid II) .+-.5%. The ratio of 
UDP-MurNAc-pentapeptide: lipid I: lipid II was . apprx . 300 : 1 : 3 for E. coli 
mC4100. The relative cellular concns . of all three precursor mols. were 
found not to vary throughout the cell cycle. It is concluded that 
elongation and division of the murein sacculus is not controlled by 
oscillations in the concns. of these late murein precursors. 
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AB In E. coli, the polymn. of peptidoglycan for cell wall formation is known 

to proceed at the expense of the lipid intermediate N-acetylglucosaminyl-N- 
acetylmuramyl- (pentapeptide ) -pyrophosphoryl-undecaprenol (I) by formation 
of linear glycan strands ( transglycosylation step) and crosslinking of the 
peptide subunits ( transpeptidation step). In the present expts., 
penicillin-binding protein lb (PBP-lb) of E. coli was shown to catalyze 
the polymn. of the purified radiolabeled I. This was shown by the fact 
that (1) no or very little transglycosylation activity was found in 
particulate fractions of E. coli defective in PBP-lb, and (2) purified 
PBP-lb catalyzed the transglycosylation reaction with I. It was difficult 
to draw clear conclusions about the presence or absence of catalysis of 
the transpeptidation reaction in PBP-lb prepns . because of the very low 
amts. of labeled D-alanine released. 
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AB Teichoic acid formation in Staphylococcus lactis 13 was slightly reduced 
when UDP-N-acetylmuramyl pentapeptide was added to the system; however, 
peptidoglycan and teichoic acid synthesis occurred simultaneously, 
indicating a competitive effect of peptidoglycan synthesis on teichoic 
acid synthesis. The principal product of the peptidoglycan biosynthetic 
route in these exptl. conditions was the lipid intermediate, 
N-acetylglucosaminyl-N-acetylmuramyl -pentapeptide undeca-prenol 
pyrophosphate, the formation of which would result in a redn. of available 
undecaprenol phosphate. If the latter agent is common to both pathways, 
then such redn. would account for the obsd. inhibition of teichoic acid 
synthesis. It is noteworthy that the inhibitory effect of the addn. of 
the peptidoglycan precursor was reduced by the addn. of UMP (I) thereby 
reversing the 1st step in the synthesis of peptidoglycan. Bacitracin and 



vacomycin added alone had little or no effect on teichoic acid synthesis, 
but when added with UDP-N-acetylmuramyl pentapeptide under conditions 
where they effectively removed undeca-prenol phosphate, i.e., when 
peptidoglycan synthesis was taking place, they markedly increased the 
inhibition caused by the nucleotide alone. The inhibition of teichoic 
acid synthesis brought about by the addn. of both the peptidoglycan 
precursor and the antibiotics may be the result of undecaprenol phosphate 
being channelled into the peptidoglycan biosynthetic cycle. It follows 
that the same lipid carrier mols. are used for transporting precursors of 
both peptidoglycan and teichoic acid. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Glycosphingolipids isolated from the spermatozoa of the 
freshwater bivalve, Hyriopsis schlegelii, have a unique structure 
containing one or two mannosyl residues and novel linkages, including an 
internal f ucopyranosyl residue, as well as terminal xylosyl and 
4-O-methyl-D-glucopyranosyluronic acid groups. The octasaccharide of lipid 
IV was synthesized as follows. Condensation of methyl 

(2-acetamido-4 , 6-di-0-acetyl-2-deoxy-3-0-methyl-alpha -D-galactopyranosyl ) 
( 1 — > 3) - [methyl (2, 3-di-0-acetyl-4-0-methyl-beta-D-glucopyranosyluronate ) 
(1 --> 4 ) ] -2-O-benzyl-l-thio-alpha, beta-L-f ucopyranoside (18) with 
( 3-0-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-beta-D-glucopyranosyl ) - (1 --> 

2) - (3, 4, 6-tri-O-acetyl-alpha-D-mannopyranosyl) -(1 --> 3) -[(2, 3, 4-tri-O- 
acetyl-beta-D-xylopyranosyl ) - ( 1 — > 2 ) ] - ( 4 , 6-di-O-acetyl-beta-D- 
mannopyranosyl )-(l 4)-2, 3-di-O-acetyl-l, 6-anhydro-beta-D-glucopyranose 
(14), in the presence of dimethyl (methylthio) sulfonium triflate (DMTST) , 
gave the corresponding octasaccharide (19). Removal of the 

protecting groups gave 2-acetamido-2-deoxy-3-0-methyl-alpha-D- 
galactopyranosyl- ( 1 — > 3) - [ 4 -O-methyl-beta-D-glucopyranosyl uronic 
acid- ( 1 — > 4 ) ] -alpha-L-f ucopyranosyl ( 1 — > 4 ) -2-acetamido-2-deoxy-beta-D- 
glucopyranosyl- ( 1 — > 2 ) -alpha-D-mannopyranosyl- ( 1 — > 

3) - [beta-D-xylopyranosyl- ( 1 — > 2 ) ] -beta-D-mannopyranosyl- ( 1 — > 

4 ) -1, 6-anhydro-beta-D-glucbpyranose (22). The other two oligosaccharides 
that constitute the partial structure of lipid IV, called lipid I and II, 
were also synthesized. 
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modifications as well as modifications to the vancosamine nitrogen and, 
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comprises a viscogenic agent, such as an acrylic acid polymer, capable 
of developing viscosity on contact with water, as dispersed at least in 
the neighborhood of the surface layer of a matrix particle containing a 
polyglycerol fatty acid ester or a lipid and an active ingredient. The 
matrix may be such that a matrix particle containing a polyglycerol 
fatty acid ester or a lipid and an active ingredient has been coated 
with a coating composition containing at least one viscogenic agent. 
Such composition can adhere to the digestive tract and remain there for 
a prolonged period of time, thereby increasing the bioavailability of 
the active ingredient. Solid preparations, such as fine 
granules and granules, contain the above matrix composition. 
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containing nucleic acid and a transition metal enhancer is exposed to 
cells. The nucleic acid is taken up into the interior of the cell with 
the aid of the transition metal enhancer. Since nucleic acids can encode 
a gene, the method can be used to replace a missing or defective gene in 
the cell. The method can also be used to deliver exogenous nucleic acids 
operatively coding for proteins that are secreted or released from 
target cells, thus resulting in a desired biological effect outside the 
cell. Alternatively, the methods of the present invention can be used to 
deliver exogenous nucleic acids into a target cell that are capable of 
regulating the expression of a predetermined endogenous gene. This can 
be accomplished by encoding the predetermined endogenous gene on the 
nucleic acid or by encoding the nucleic acid with a sequence that is the 
Watson-Crick complement of the mRNA corresponding to the endogenous 
gene . 
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AB This invention provides compositions for inhibiting the binding between 

two cells, one expressing P- or L-selectin on the surface and the other 
expressing the corresponding ligand. A covalently crosslinked lipid 
composition is prepared having saccharides and acidic group on 
separate lipids. The composition is then interposed between the cells so 
as to inhibit binding. Inhibition can be achieved at an effective 
oligosaccharide concentration as low as 10. sup. 6 fold below that of the 
free saccharide. Since selectins are involved in recruiting cells to 
sites of injury, these composition scan be used to palliate certain 
inflammatory and immunological conditions. 
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AB A composition for transdermal administration of an immunogen is 

described. The immunogen is entrapped in lipid vesicles having a 
oil-in-water emulsion in the central core compartment. The vesicles are 
administered transdermally to elicit an immune response in a subject. 
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provide novel topical and subcutaneous delivery vehicles 
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Barry, Salkeld, Pamela 



(II) : ##STR1## A method for eliciting antibodies in an animal which bind 
to Lipid A or LPS comprising administering to the animal as an immunogen 
a composition comprising such a compound is also disclosed. 
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AB A compound of the formula: ##STR1## wherein: each of R.sub.l, R.sub.l ! , 

R.sub.2 and R.sub.2 1 independent of each other is a substituted or 
unsubstituted, branched or linear C. sub. 1-12 alkyl, alkene or alkyne 
group, R.sub.3 is OH, OCH.sub.3, CH.sub.2 COOH or ##STR2## wherein each 
of R.sub.2" and R.sub.2 Ml independent of each other is a substituted 
or unsubstituted, branched or linear C. sub. 1-12 alkyl, alkene or alkyne 
group and: 

A=NH.sub.2, X=P(OH), Y=Z=C, B=0CH.sub.3, or 
A=OH, X=P(OH), X=Z=C, B ( if present ) =OCH . sub . 3, or 
A=OCO(CH. sub. 2) .sub.n NH.sub.2, X=P(OH), Y=Z=C, B=OCH.sub.3, 
wherein n=l-10, or 

A=OH, X=P(OH), Y=Z=C, B=0(CH. sub. 2) . sub.n CO. sub. 2 H, wherein n=l-10, or 
A=OH, X=P(OH), Y=Z=C, B=(CH.sub.2) .sub.n CO. sub. 2 H, wherein n=l-10, or 
A=NH.sub.2, X=Z=C, Y=P(OH), B=0CH.sub.3, or 
A=OH, X=Z=C, Y=P(0H), B ( if present ) =OCH . sub . 3, or 

A=OCO(CH. sub. 2) .sub.n NH.sub.2, X=Z=C, Y=P(OH), B=0CH.sub.3, wherein 
n=l-10, or 

A=OH, X=Z=C, Y=P(OH), B=0(CH.sub.2) .sub.n CO. sub. 2 H, wherein n=l-10, or 
A=OH, X=Z=C, Y=P(OH), B=(CH.sub.2) .sub.n CO. sub. 2 H, wherein n-1-11, or 
A=NH.sub.2, X=Y=C, Z=P(OH), B-OCH.sub.3, or 
A=OH, X=Y=C, Z=P(OH), B (if present) =OCH. sub. 3, or 

A=OCO(CH. sub. 2) .sub.n NH.sub.2, X-Y=C, Z=P(OH), B=0CH.sub.3, wherein 
n=l-10, or 
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A=OH, X-Y=C, Z=P(OH), B=0(CH.sub.2) .sub.n CO. sub. 2 H, wherein n-1-10, or 



A=OH, X=Y=C, 2=P (OH), B= ( CH . sub . 2 ) . sub . n CO. sub. 2 H and n=l-ll is 
disclosed. The compounds may be use to inhibit binding of Lipid A to 
Lipid A receptors. 
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AB A liposome composition for localizing an anti-tumor compound to a solid 

tumor via the bloodstream. The liposomes, which contain the agent in 
entrapped form, are composed of vesicle-forming lipids and between 1-20 
mole percent of a vesicle-forming lipid derivatized with hydrophilic 
biocompatible polymer, and have sizes in a selected size range between 
0.07 and 0.12 microns. After intravenous administration, the liposomes 
are taken up by the tumor within 24-48 hours, for site-specific release 
of entrapped compound into the tumor. In one composition for use in 
treating a solid tumor, the compound is an anthracycline antibiotic drug 
which is entrapped in the liposomes at a concentration of greater than 
about 50 .mu.g agent/ . mu . mole liposome lipid. The method results in 
regression of solid colon and breast carcinomas which are refractory to 
anthracycline antibiotic drugs administered in free form or entrapped in 
conventional liposomes. 
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Compositions that are sprayable or that are in the form of discrete 
particles and that contain a lipid and a biologically active compound in 
the form of a micronized powder combine a high initial entrapment of the 
active compound in the membrane lipid with sustained release at the site 
of application as indicated by in-vitro and in-vivo tests. In a first 
form pro-liposomes are prepared by spraying under pressure 
through a nozzle a single composition comprising at least one volatile 
liquid propellant, at least one membrane lipid that is at least partly 
dissolved or dispersed in the propellant and at least one biologically 
active compound that is present in dispersion in the propellant and/or 
the lipid, the composition being free from other solvent for the lipid. 
In a second form the membrane lipid and the biologically active compound 
are minor components of micronized solid particles whose major component 
is a physiologically acceptable solid carrier. 
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comprising an amphiphilic compound having a hydrophobic moiety and a 
hydrophilic moiety having an amino acid ester structure per molecule, 
the conjugated acid of the elimination group of said ester having a pKa 
of not higher than 14, or a built-up film of said monomolecular film; 
and a process for preparing a material on which said 
polypeptide thin film is carried. 
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